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Executive  Summary 

Title:  No  Winglets:  What  a  Drag. . .  Argument  for  Adding  Winglets  to  Large  Air  Force  Aircraft 
Author:  Major  Joel  W.  Saffanek,  United  States  Air  Force 

Thesis:  In  order  to  save  hundreds  of  miUions  of  dollars  in  operating  costs  and  improve  aircraft 
capabilities,  the  Air  Force  should  retrofit  its  existing  large  aircraft  with  winglets. 

Discussion:  The  U.S.  government  faces  a  similar  situation  today  that  it  did  during  the  1970’ s, 
growing  instability  in  the  Middle  East  contributing  to  the  towering  price  of  oil.  As  oil  prices 
have  escalated,  so  have  political  demands  to  decrease  America’s  reliance  on  foreign  oil; 
therefore,  the  U.S.  government  has  begun  placing  a  priority  on  ways  to  conserve  energy. 
Building  on  ideas  and  concepts  over  a  century  old  and  Dr.  Richard  Whitcomb’s,  a  NASA 
aeronautical  engineer,  research  during  the  1970’ s,  retrofitting  winglets  to  large  aircraft  has 
proven  to  decrease  fuel  consumption.  Research  with  NASA  and  the  U.S.  Air  Force  proved 
retrofitting  winglets  on  large  aircraft  decreased  fuel  consumption  by  3  to  6  percent. 
Unfortunately  for  winglet  technology,  oil  prices  plummeted  through  the  1980’s;  and  remained 
low  through  the  1990’s,  distracting  the  government’s  energy  conservation  priorities  and  burying 
the  winglet  concept  for  large  military  aircraft.  The  concept  remained  dormant  for  over  two 
decades,  until  soaring  energy  prices  have  once  again  brought  improving  aircraft  aerodynamic 
efficiencies  to  the  forefront  of  the  energy  conservation  debate.  Displaying  how  winglets  are  a 
viable  solution  to  decreasing  fuel  consumption  with  large  Air  Force  aircraft,  this  paper  attempts 
to  tip  the  debate  in  favor  of  investing  in  retrofitting  the  Air  Force’s  existing  transport-type 
aircraft  with  winglets. 

Conclusion:  The  data  collected  in  this  paper  display  the  overwhelmingly  positive  arguments  for 
retrofitting  the  Air  Force’s  existing  transport-type  airframes  with  winglets. 


DISCLAIMER 

THE  OPINIONS  AND  CONCLUSIONS  EXPRESSED  HEREIN  ARE  THOSE  OF  THE 
INDIVIDUAL  STUDENT  AUTHOR  AND  DO  NOT  NECESSARILY  REPRESENT  THE 
VIEWS  OF  EITHER  THE  MARINE  CORPS  COMMAND  AND  STAFF  COLLEGE  OR  ANY 
OTHER  GOVERNMENTAL  AGENCY.  REFERENCE  TO  THIS  STUDY  SHOULD 
INCLUDE  THE  FOREGOING  STATEMENT. 


QUOTATION  FROM,  ABSTRACTION  FROM,  OR  REPRODUCTION  OF  ALL  OR  ANY 
PART  OF  THIS  DOCUMENT  IS  PERMITTED  PROVIDED  PROPER 
ACKNOWLEDGMENT  IS  MADE. 
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Preface 

As  an  Air  Mobility  Command  (AMC)  pilot,  having  flown  both  the  KC-135  and  C-17,  I 
have  witnessed  a  recent  transformation  in  Air  Mobility  Command’s  attitude  and  priority  toward 
fuel  conservation — escalating  fuel  prices  have  not  given  the  command  much  else  of  a  choice.  In 
recent  years,  AMC  has  taken  low  cost  steps  toward  decreasing  fuel  consumption.  AMC  has 
increased  centralized  control  over  aircraft  fuel  loads,  placed  restrictions  on  aircraft  fuel  loads, 
removed  parachutes  and  other  unnecessary  items  (weight)  from  aircraft,  and  published  flight 
crew  information  files  educating  pilots  on  the  command’s  conservation  concerns.  Although  all 
have  had  limited  success,  I  believe  you  get  what  you  pay  for;  and  these  actions  have  only 
scratched  the  surface  of  the  command’s  real  fuel  savings  potential.  Unfortunately,  taking  real 
action  toward  decreasing  fuel  consumption  requires  massive  upfront  costs;  and  the  command 
will  most  likely  never  do  anything  as  significant  as  retrofitting  aircraft  with  winglets  without 
officers  within  the  command  pushing  for  such  change;  hence  my  reason  for  doing  this  research. 

As  with  most  things  in  life,  you  never  get  anywhere  without  the  help  of  others.  Therefore, 
I  am  grateful  to  Dr.  Craig  Swanson,  Associate  Dean  of  Academics,  Marine  Corps  Command  and 
Staff  College,  for  his  guidance  as  my  thesis  advisor  during  my  research  and  writing.  Most 
notably  I  must  express  my  absolute  appreciation  for  Ms.  Marta  Vornbrock,  an  Associate 
Program  Officer  for  the  Air  Force  Studies  Board.  Her  emails  were  my  treasure  map,  guiding  me 
toward  countless  documents,  presentations,  websites,  and  the  location  of  many  other  sources. 

Last,  I  am  grateful  to  my  wife  for  watching  the  kids  and  giving  me  the  time  and  peace  to  work  on 
the  research  in  my  “closet.”  I  believe,  even  without  their  help,  I  would  have  been  able  to 
complete  this  research;  but  the  road  traveled  would  have  been  much  more  arduous.  So  I  am 
sincerely  indebted  to  each  for  making  it  an  enjoyable  journey  instead  of  a  painstaking  process. 
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Failing  to  Study  History 


The  recent  escalation  of  fuel  costs  and  the  threat  of  future  increases  have  quickly  brought  to 
the  forefront  the  need  to  improve  aircraft  efficiency. 

— Design  and  Analysis  of  Wingletsfor  Military  Aircraft,  1976^ 

They  say  those  who  cannot  remember  the  past  are  condemned  to  repeat  it,  and  that  has 
definitely  been  the  case  with  the  military’s  failing  to  improve  aircraft  efficiency  in  order  to 
decrease  fuel  consumption.^  During  the  1970’s,  growing  instability  in  the  Middle  East  (e.g.  the 
oil  embargo  due  to  U.S.  support  for  Israel,  the  Iranian  Revolution,  and  the  Iran/Iraq  War) 
contributed  to  the  price  of  oil  sky  rocketing  over  250  percent  within  three  years.  Between  1978 
and  1981,  oil  prices  soared  from  an  average  price  per  barrel  of  $14.35  to  $36.47.^  As  the  price  of 
oil  escalated,  so  did  political  demands  to  decrease  America’s  reliance  on  foreign  oil.  With  the 
entire  world  focused  on  high  oil  prices,  the  U.S.  government  began  placing  a  priority  on  ways  to 
conserve  energy.  Building  on  ideas  and  concepts  over  a  century  old.  Dr.  Richard  Whitcomb,  an 
aeronautical  engineer  at  the  National  Aeronautics  and  Space  Administration  (NASA),  rekindled 
the  idea  of  adding  winglets  to  aircraft  wings.  Research  with  NASA  and  the  U.S.  Air  Force 
proved  retrofitting  winglets  on  large  aircraft  decreased  fuel  consumption  by  3  to  6  percent. 
Unfortunately  for  winglet  technology,  oil  prices  plummeted  through  the  1980’s;  and  remained 
low  through  the  1990’s,  distracting  the  government’s  energy  conservation  priorities  and  burying 
the  winglet  concept  for  large  mihtary  aircraft.  The  concept  remained  dormant  for  over  two 
decades,  until  soaring  energy  prices  have  once  again  brought  improving  aircraft  aerodynamic 
efficiencies  to  the  forefront  of  the  energy  conservation  debate.  Displaying  how  winglets  are  a 
viable  solution  to  decreasing  fuel  consumption  with  large  Air  Force  aircraft,  this  paper  hopes  to 
tip  the  debate  in  favor  of  investing  in  retrofitting  the  Air  Force’s  existing  transport-type  aircraft 
with  winglets. 
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Figure  1:  Crude  Oil  Prices,  1970  -  Aug  2007  (2006  Dollars) 


. US.  l8t  Purchase  Price  {  Wellhead  ) "World  Price”  ‘ 

- Avg  US.  $29.08  - Avg  World  $32.23 - ».1edlan  World  $26.90 

Source:  WTRG  Economics  ('www.wtrg.com') 

Figure  1  displays  how  the  situation  with  recent  crude  oil  prices  is  very  similar  to  that  of 
the  late  1970’s.  Additionally,  with  recent  trouble  in  the  Middle  East  adding  to  the  towering  oil 
prices,  pohticians  are  once  again  calhng  for  the  government  to  focus  attention  on  energy 
conservation  and  the  need  to  decrease  America’s  reliance  on  foreign  oil  and  other  fossil  fuels. 
With  oil  prices  once  again  at  historical  highs,  the  Air  Force,  once  again,  faces  the  decision  of 
whether  or  not  to  retrofit  its  large  transport-type  aircraft  with  winglets.  In  order  to  address  the 
same  problem  in  the  commercial  world  and  maintain  bottom  hnes  in  the  black,  recent  years  ha-ve 
witnessed  major  airhnes  retrofitting  their  older  aircraft  with  winglets.  Failing  to  follow  the  lead 
of  major  airlines,  who  have  grasped  winglets  as  an  investment  in  decreasing  operating  costs  and 
improving  capabilities,  the  Air  Force  has  yet  to  retrofit  its  tanker  and  transport  aircraft.  This 
failure  continues  costing  America  hundreds  of  miUions  of  dollars,  comparatively  limits  mobility 
capabihties,  and  continues  to  feed  the  government’s  insatiable  thirst  for  energy.  Unless  the 
government  learns  from  past  mistakes,  it  will  once  again  pass  on  retrofitting  aircraft  with 
winglets;  and  miss  an  opportunity  to  decrease  the  government’s  dependence  on  foreign  oil,  save 
millions  in  operating  costs,  and  increase  aircraft  capability. 
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What  Winglets  Are  and  How  They  Work 

Simply  put,  more  miles  will  be  traveled,  both  by  combat  units  and  the  supply  units  that 
sustain  them,  which  will  result  in  increased  energy  consumption.  Therefore,  DoD  must 
apply  new  energy  technologies  that  address  alternative  supply  sources  and  efficient 
consumption  across  all  aspects  of  military  operations. 

—  Transforming  the  Way  DOD  Looks  at  Energy,  2007'* 


Ask  most  people  to  tell  you  the  difference  between  the  two  aircraft  wings  shown,  and 
most  will  reply  on  the  physical  characteristics:  one  has  a  vertical  extension;  the  other  does  not. 
Almost  all  will  miss  the  most  significant  difference:  the  one  on  the  left  saves  hundreds  of 
millions  of  dollars;  the  one  on  the  right  does  not.  The  vertical  extension  in  the  picture  on  the  left 
is  called  a  winglet.  Winglets  are  small,  nearly  vertical  aerodynamic  surfaces  mounted  on  aircraft 
wingtips.  Engineers  design  them  with  the  same  careful  attention  to  airfoil  shape  and  local  flow 
conditions  as  the  wing  itself.  The  primary  benefit  of  adding  a  winglet  is  decreased  fuel 
consumption.  Additionally,  winglets  provide  many  positive  side  effects:  increased  aircraft  range, 
greater  payload,  improved  take  off  performance  and  decreased  engine  wear.  ^  All  of  which 
correlate  to  increased  capability  and  decreased  operating  costs.  Although  a  3  to  6  percent 
savings  may  not  seem  like  a  lot,  it  equates  to  a  tremendous  amount  of  fuel  when  you  consider 
larger  aircraft  which  burn  between  1,500  and  2,200  gallons  an  hour.  The  Air  Force  has  hundreds 
of  such  large  aircraft.  A  large  majority  are  without  winglets,  costing  taxpayers  hundreds  of 


-4- 


millions  of  dollars — ^not  to  mention  the  environmental  issue  of  needlessly  wasting  millions  of 
gallons  of  fuel  each  year. 

Understanding  basic  aerodynamics  leads  to  a  fuller  understanding  of  a  winglet’s  potential.  ' 
In  very  basic  terms,  four  factors  affect  all  aircraft:  1)  Hft,  2)  thrust,  3)  weight,  and  4).  drag.  While 
lift  and  thrust  are  positive  factors,  helping  an  aircraft  fly,  weight  and  drag  are  negative  factors, 
working  against  an  aircraft’s  abihty  to  fly.  Two  sources  of  drag  affect  aircraft  performance, 
parasitic  and  induced  drag.  Parasitic  drag  is  drag  caused  by  moving  a  solid  object  through  a  fluid. 
Induced  drag  is  drag  created  as  a  consequence  of  producing  lift  by  a  wing.  In  order  to  create  lift 
and  allow  an  aircraft  to  fly,  an  aircraft’s  wing  is  shaped  to  generate  negative  pressure  on  the 
upper  surface  and  positive  pressure  on  the  lower  surface  of  a  wing.  However,  the  unequal 
pressure  also  causes  air  to  flow  outward  along  the  lower  surface  of  the  wing.  As  the  air  flow 
encounters  the  tip  of  a  wing,  it  rolls  up  over  the  edge  (see  Figure  2A).  As  the  opposing  air  flows 
meet,  they  create  a  whirlwind  motion  called  vortices  (see  Figure  2B).  The  transfer  of  energy 
expended  from  the  wing  to  the  air  in  this  phenomenon  is  directly  responsible  for  induced  drag. 


Source:  “About  Winglets”  by  Mark  Maughmer 


Figure  2B:  Vortex  Wake  from  Induced  Drag 

Source:  Airliners.net 


Figure  2C:  Conventional  Wing  vs.  Blended  Winglet 

Source:  Aviation  Partners  Boeing 
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Induced  drag  can  be  extremely  large  for  certain  aircraft  wing  configurations,  particularly 
those  ,  found  on  large  transport-type  aircraft.  More  specifically,  Dr.  Whitcomb  discovered 
induced  drag  significantly  diminishes  aircraft  efficiency  for  transport-type  aircraft  operating  at 
high  subsonic  speeds  (e.g.  cruise  conditions),  accounting  for  as  much  as  50  percent  of  the  total 
drag.®  Since  winglets,  designed  as  small  airfoils,  reduce  the  aerodynamic  drag  associated  with 
vortices  by  minimizing  the  amount  of  energy  used  in  producing  the  required  downwash,  winglets 
specifically  diminish  induced  drag  (see  Figure  2C).  Therefore,  a  winglet,  with  its  main  purpose 
of  reducing  induced  drag,  is  the  perfect  solution  for  aircraft  affected  greatly  by  induced  drag, 
such  as  those  of  large  transport-type  aircraft. 
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Winglets  as  a  National  Security  Priority 

At  present,  the  United  States  imports  roughly  63  percent  of  its  crude  oil  from  foreign  sources, 
and  its  rate  of  consumption  of  fossil  fuels  is  increasing  by  approximately  1.5  percent  per  year, 
while  its  production  capability  has  slightly  decreased  in  the  last  decade.  Increasing  oil 
demand  by  highly  populous  nations  such  as  India  and  China,  at  rates  nearly  four  times  that 
of  the  United  States,  will  increase  (and  are  increasing)  the  potential  for  geopolitical  tension 
regarding  fossil  fuels.  Hence  fuel  availability,  as  well  as  more  efficient  utilization  of  fuel,  will 
be  increasingly  critical  issues  for  the  foreseeable  future. 

—  USAF  Scientific  Advisory  Board,  2006’ 

Although  the  previous  section  explains  the  science  behind  winglets,  it  leaves  most 
wondering  how  decreasing  drag  3  to  6  percent  can  really  be  that  significant.  When  considering 
the  data,  the  numbers  are  staggering.  The  U.S.  government  is  the  largest  single  user  of  energy 
within  the  United  States  (and  most  likely  the  world),  representing  approximately  2  percent  of  the 
nation’s  entire  energy  usage.  Within  the  federal  government,  the  Department  of  Defense  (DoD) 
is  easily  the  most  dominant  player  in  energy  consumption,  accounting  for  more  than  90  percent 
of  the  government’s  overall  energy  budget  (approximately  1.8  percent  of  the  nation’s  energy 
usage). ^  Regardless  of  a  25  percent  reduction  in  DoD  energy  use  over  the  past  three  decades. 
Figure  3  displays  how  the  DoD  continues  to  be  the  government’s  energy  juggernaut.  Therefore, 
it  is  easy  to  see  how  the  smallest  percentage  of  decrease  in  DoD  energy  demands  easily  has  a 
significant  impact  across  the  entire  federal  government. 


Figure  3:  Total  and  U.S.  Department  of  Defense  Energy  Consnmption,  Fiscal  Years  1975-2006® 


Source:  Energy  Information  Administration  /  Annual  Energy  Review  2006 


L 
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When  analyzing  the  federal  government’s  energy  consumption,  one  dominant  fact 
surfaces,  petroleum  is  the  key  to  decreasing  federal  government  energy  demands;  and  when 
analyzing  petroleum  consumption,  one  dominant  fact  surfaces,  jet  fuel  is  the  key  to  decreasing 
petroleum  demands.  Examining  the  fuel  sources  the  government  uses  most  reveals  petroleum 
usage  vastly  exceeds  all  other  sources  of  energy  combined.  Figure  4  displays  how  petroleum  use 
has  declined  significantly  over  the  past  three  decades,  but  still  accounts  for  approximately  two- 
thirds  of  all  energy  consumed  by  the  federal  government.  Additionally,  Figure  4  displays  when 
breaking  down  petroleum  specific  products,  jet  fuel  is  the  dominant  product,  accounting  for  just 
under  two-thirds  of  all  petroleum  and  almost  half  of  all  energy  consumed  by  the  federal 
government.  Therefore,  petroleum  and  more  specifically  jet  fuel  must  be  included  in  any  attempt 
to  reduce  the  federal  government’s  energy  demands. 
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With  the  federal  government’s  petroleum  usage  representing  more  than  1  percent  of  the 
entire  nation’s  total  energy  use  and  the  DoD’s  dominating  petroleum  use  within  the  federal 
government,  it  is  vastly  important  to  analyze  how  the  DoD’s  petroleum  use  breaks  down,  hi  the 
case  of  breaking  it  down  by  individual  service,  the  U.S.  Air  Force  is  by  far  the  largest  user  of 
energy  and  specifically  petroleum  within  the  DoD,  representing  approximately  57  percent  of  all 
DoD  petroleum  use  (see  Attachment  A).^'^  In  the  case  of  breaking  it  down  by  petroleum  source, 
jet  fuel  is  by  far  the  largest  source  of  petroleum  consumed  within  the  DoD.  For  example,  in  FY 
2005  and  FY  2006,  jet  fuel  usage  accounted  for  over  half  of  the  energy  DoD  consumed  (see 
Attachment  B).  By  comparison,  the  remainder  of  the  nation  (not  including  the  DoD)  only  reUed 
on  jet  fuel  for  4  percent  of  its  energy  needs;  and  as  expected,  the  Air  Force  is  the  largest 
consumer  of  jet  fuel  within  the  DoD  (see  Attachment  C).  In  the  case  of  specific  mihtary 
missions,  the  DoD  allocates  a  predominant  amount  of  its  energy  resources  to  its  mobility  mission 
which  accounts  for  94  percent  of  the  DoD’s  petroleum  consumption  and  approximately  75 
percent  of  all  DoD  energy  use  (see  Attachment  D).^^  Once  again,  the  Air  Force  represents  the 
hon’s  share  of  mobihty  petroleum  use,  consuming  approximately  57  percent  of  DoD’s  mobihty 
fuel  (see  Attachment  D).  Therefore,  the  U.S.  Air  Force,  and  more  specifically  its  mobihty 
mission,  are  at  the  crossroad  for  any  real  demand  decrease  in  DoD  (and  federal  government) 
petroleum  use. 

When  examining  DoD  and  Air  Force  energy  consumption,  the  apparent  rehance  on  jet 
fuel  is.  astronomical.  U.S.  mihtary  doctrine  rehes  heavily  on  air  power  as  an  integral  part  of  the 
joint  force,  and  air  power  rehes  heavily  on  jet  fuel.  Therefore,  the  agihty,  mobihty,  and  speed 
which  air  power  provides  come  at  a  high  cost  and  a  further  rehance  on  hquid  petroleum.  For 
example,  the  Air  Force  spends  over  80  percent  of  its  $6.7  bilhon  energy  budget  (approximately 
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$5  billion)  purchasing  more  than  3  billion  gallons  of  aviation  fuel  each  year  (over  8  million 
gallons  per  day).^^  Within  the  Air  Force,  mobility  aircraft  consume  the  largest  share  of  jet  fuel 
(approximately  54  percent),  placing  the  largest  fuel  budget  burden  on  the  Air  Force’s  Air 
Mobihty  Command  (AMC).^"^  AMC  consumed  $1.3  biUion  worth  of  jet  fuel  in  fiscal  year  (FY) 
2005  ^d  $1.8  billion  for  FY  2006.  Expenditures  for  FY  2007  put  AMC  on  pace  to  surpass  $2 
billion. With  AMC’s  consuming  such  quantities  of  aviation  fuel,  the  federal  government  (and 
the  Air  Force)  can  no  longer  ignore  the  alarming  rise  in  jet  fuel  prices.  Within  recent  years,  the 
federal  government  has  had  to  deal  with  annual  aviation  fuel  price  increases  of  up  to  47.9  percent 
(see  Attaclunent  E).^®  For  example,  JP-8,  the  DoD’s  primary  jet  fuel,  increased  from  $0.91  per 
gallon  in  FY  2004  to  $2.58  per  gallon  in  FY  2006  (a  factor  of  over  2.8  in  just  two  years). 

The  government  estimates  every  $10  increase  per  barrel  of  oil  costs  the  DoD  an 
additional  $1.5  biUion,  and  specifically  the  Air  Force  an  additional  $600  million;  therefore, 
recent  years’  rapidly  rising  fuel  prices  have  had  a  devastating  effect  on  government  fuel 
budgets.  For  example,  the  Air  Force  exceeded  its  aviation  fuel  budgets  by  $1.4  billion  and  $1.6 
bilhon  in  FY  2005  and  2006,  respectively.^^  Since  the  DoD  budgets  for  fuel  a  year  or  more  in 
advance  of  its  purchase,  such  sudden  increases  in  fuel  costs  must  be  paid  for  with  emergency 
funds  or  by  shifting  funds  from  other  programs.^®  In  an  attempt  to  combat  this,  the  Air  Force 
tagged  an  additional  $1.1  bilhon  within  its  FY  2007  budget  specifically  to  cover  expected  an 
expected  36  percent  increase  in  fuel  rates — ^it  was  not  enough.^^  If  this  past  year’s  $40  sphce  in 
oil  remains,  future  increases  could  require  the  Air  Force’s  funding  an  additional  $2.4  bilhon — 
close  to  $1  bilhon  alone  for  mobihty  platforms. 

Given  that  approximately  30  percent  of  the  DoD’s  petroleum  use  is  related  specifically  to 
mobihty  aircraft,  it  represents  the  greatest  potential  energy  savings;  and  with  the  increasing  and 
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compelUng  rationale  for  reducing  fossil  fuel  use,  the  government  must  invest  in  vehicle 
technology  options  such  as  winglets  to  enable  fuel-use  reductions.  While  winglets  may  not  serve 
as  a  single  silver  bullet,  reducing  the  DoD  dependence  on  fossil  fuels,  it  is  one  of  many  steps,  in 
aggregate  which  the  government  should  undertake.  As  with  sailing  racing,  one  can  win  (and  win 
big)  by  not  losing  in  lots  of  little  ways;  and  that  is  how  the  3  to  6  percent  savings  winglets  offer 
become  a  significant  factor  in  decreasing  DoD  (and  national)  fuel  consumption.  With  AMC’s 
being  the  single  largest  user  of  aviation  fuel  within  the  federal  government,  targeting 
aerodynamic  efficiency  improvements  in  large  mobility  aircraft  is  not  only  an  AMC  or  Air  Force 
priority,  but  a  national  priority. 


- 11  - 


National  Policy  Studies  and  Directives 

“The  two  biggest  challenges  that  I  would  like  to  see  solved  in  the  next  two  and  half  years. 

One.. .the  unfunded  liabilities  inherent  in  social  security  and  medical  care....  And  the  other 

is  energy.  ...It’s  not  just  an  economical  security  issue,  it’s  a  national  security  issue.” 

—  President  George  W.  Bush,  30  August  2006 

As  crude  oil  prices  and  worldwide  competition  for  fuel  have  continued  to  increase  within 
recent  years,  the  U.S.  government  has  followed  a  path  similar  to  that  of  the  1970’s,  increasing  its 
research  on  fuel  reduction  within  the  military.  Although  the  research  has  led  the  DoD  to 
understand  there  is  no  one  silver  bullet,  conclusions  have  continually  highhghted  increasing 
aircraft  aerodynamic  efficiency  through  technology  and  the  benefits  of  adding  aircraft  winglets. 
In  2001,  the  Defense  Science  Board  conducted  the  earhest  comprehensive  DoD  study  on  fuel 
use;  and  focused  on  weapon  system  fuel  efficiency.  The  board  made  five  findings:  1)  the  DoD 
requirements  and  acquisition  process  does  not  value  the  cost  benefits  of  fuel-efficient  weapons 
systems,  2)  DoD  decision  making  does  not  reflect  true  fuel  costs,  masks  energy  efficiency 
benefits,  and  distorts  platform  design  choices,  3)  the  DoD  resource  and  accounting  processes  do 
not  reward  fuel  efficiency  or  penahze  inefficiency,  4)  wargaming  involving  fuel  requirements  are 
not  cross-linked  to  service  requirements,  development  or  acquisitions,  and  5)  high  payoff,  fuel- 
efficient  technologies  are  available  to  current  weapon  systems  via  retrofitting.  Simply  put,  the 
DoD  has  no  idea  how  much  fuel  really  costs  in  the  battlefield;  and  continues  to  waste  and  drain 
this  valuable  resource  in  mass  because  it  refuses  to  place  fuel  efficiency  on  the  same  playing 
field  as  other  operational  requirements  in  the  weapon  system  acquisition  decision-making 
process. 

With  no  end  in  sight  for  fuel  price  increases,  2006  kicked  off  a  frenzy  of  government 
reports  on  energy  conservation.  In  May  2006,  the  Air  Force  Scientific  Board  released  its  report, 
Technology  Options  for  Improved  Air  Vehicle  Fuel  Efficiency,  which  recommended,  “In  the  near 
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term,  wing  retrofits  such  as  winglets  have  demonstrated  the  potential  for  increased  IVD  [lift  over 
drag]  per  aircraft,  and  hence  improved  fuel  efficiency,  with  a  relatively  modest  potential  cost.”^^ 
The  federal  government  followed  in  September  2006  with  two  additional  comprehensive  studies. 
The  JASON  report.  Reducing  DOD  Fossil  Fuel  Dependence,  emphasized  the  value  of  optimizing 
weapon  system  energy  efficiency  over  pursuing  alternative  fuels.^'*^  The  Defense  Task  Force  on 
Energy  Security,  an  internal  cross-functional  group  led  by  the  Director  of  Defense  Research  and 
Engineering,  also  backed  the  concepts  of  increasing  weapon  system  energy  efficiency  and 
incorporating  the  energy  efficiency  component  into  the  acquisition  process.^^ 

More  recently,  LMI  Government  Consulting,  Inc.  completed  a  government  sponsored 
report.  Transforming  the  Way  DoD  Looks  at  Energy,  in  April  2007;  and  recommended 
incorporating  energy  considerations  into  the  DoD’s  key  corporate  decision  making  (i.e. 
acquisition;  and  planning,  progranuning,  budgeting  and  execution).  The  report  specifically  sited 

Boeing’s  wing-tip  program  as  an  example  for  changing  aerodynamic  design  in  order  to  improve 

\ 

Ofi 

fuel  efficiencies.  Additionally,  a  Congressional  Research  Service  study.  The  Department  of 
Defense:  Reducing  Its  Reliance  on  Fossil-Based  Aviation  Fuel  -  Issues  for  Congress,  reported  to 
Congress  in  June  2007,  citing  winglet  technologies  as  a  viable  option  for  decreasing  DoD  fuel 
demand.^’  The  study  gave  options  for  Congress  to  mandate  fuel  efficiencies  in  aircraft  and 
mandate  fuel  efficiencies  as  a  consideration  in  new  DoD  acquisitions.^*  A  consistent  theme  in  all 
the  government  reports  indicates  the  DoD  needs  to  consider  technology  advancements  as  a  way 
of  reducing  demand  for  fossil  fuel.  In  particular,  they  highlight  the  reduction  of  aviation  fuel  as 
a  primary  target  due  to  its  accounting  for  the  largest  share  of  DoD  fuel  consumption. 

The  government  has  seen  the  reports,  heard  the  briefings,  and  has  begun  to  mandate 
decreases  in  energy  demand.  On  24  January  2007,  President  Bush  signed  Executive  Order 
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13423,  Strengthening  Federal  Environmental,  Energy,  and  Transportation  Management,  which 
contained  language  modifying  the  annual  energy  reduction  specified  by  Public  Law  109-58  to  3 
percent  per  year  or  30  percent  by  2015.^^  Understanding  the  significance  of  targeting  aviation 
fuel  for  reduction  and  the  need  to  improve  weapon  system  energy  efficiency,  Congress  has  also 
taken  action,  placing  language  in  the  FY  2007  Defense  Authorization  and  Appropriations  Acts. 
The  language  required  the  DoD  to  report  to  Congress  on  their  actions  to  reduce  consumption  of 

on 

fossil  fuel  and  increase  the  energy  efficiency  of  their  weapon  platforms.  More  specifically,  the 

House  Committee  on  Armed  Services,  in  its  report  (House  Report  109-452,  5  May  06)  on  House 

Report  5122  specifically  addressed  the  issue  of  adding  winglets  to  mihtary  aircraft,  stating. 

The  committee  commends  the  Air  Force  in  its  efforts  to  increase  aircraft  fuel  efficiency  and 
decrease  fuel  consumption.  The  committee  notes  that  initiatives  such  as  re-engining  aircraft, 
modifying  in-flight  profiles,  and  revising  aircraft  ground  operations  contribute  to  decreased  fuel 
consumption  and  increased  life-cycle  savings.  The  committee  is  aware  that  winglet  technology 
exists  for  aircraft  to  increase  fuel  efficiency,  improve  take-off  performance,  increase  cruise 
altitudes,  and  increase  payload  and  range  capability.  The  committee  notes  that  winglets  are 
currently  used  on  commercial  aircraft  and  result  in  a  five  to  seven  percent  increase  in  fuel 
efficiency.  On  September  16,  1981,  the  National  Aeronautics  and  Space  Administration  released 
the  KC-135  Winglet  Program  Review  on  the  incorporation  of  winglets  for  KC-135  aerial  refueling 
aircraft.  However,  the  Air  Force  concluded  that  the  cost  of  adding  winglets  to  the  KC-135  did  not 
provide  sufficient  payback  in  fuel  savings  or  increased  range  to  justify  modification.  Although  the 
Air  Force  did  conclude  that  modifying  aircraft  with  winglets  could  increase  fuel  efficiency,  the  Air 
Force  determined  that  re-engining  the  KC-135  aircraft  produced  a  greater  return  on  investment. 

The  committee  believes  that  incorporating  winglets  on  military  aircraft  could  increase  fuel 
efficiency  on  certain  platforms  and  that  the  Air  Force  should  reexamine  incorporating  this 
technology  onto  its  platforms.  Therefore,  the  committee  directs  the  Secretary  of  the  Air  Force  to 
provide  a  report  to  the  congressional  defense  committees  by  March  1,  2007,  examining  the 
feasibility  of  modifying  Air  Force  aircraft  with  winglets.^* 

The  Air  Force  has  responded  to  the  President  and  Congress.  On  27  February  2007,  Mr. 
Michael  Aimone,  Air  Force  Assistant  Deputy  Chief  of  Staff/Logistics,  Installations  and  Mission 
Support,  testified  before  the  Senate  on  the  Air  Force’s  three-fold  energy  strategy  to  include 
“implementing  aggressive  demand  side  fuel  optimization  and  energy  efficiency  initiatives  laser- 
focused  on  each  of  our  three  energy  sectors  [one  being  aviation  operations].”^"  hi  conjunction 
with  the  National  Research  Committee,  the  Air  Force  Studies  Board  also  released  Assessment  of 
Wingtip  Modifications  to  Increase  the  Fuel  Efficiency  of  Air  Force  Aircraft,  addressing  the 
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research  and  potential  benefits  of  winglet  technology.  Therefore,  the  stage  has  been  set,  the 
federal  government  has  required  demand  reductions,  the  Air  Force  has  promised  demand 
reductions;  and  the  technology  exists  to  make  it  happen,  forcing  future  actions  to  decrease  jet 


fuel  demand. 
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A  Winglet  Case  Study:  The  KC-135  Stratotanker 

The  Air  Force  is  the  largest  DoD  consumer,  and  spends  approximately  85  percent  of  its  fuel 
delivery  budget  to  deliver,  by  airborne  tankers,  just  6  percent  of  its  annual  jet  fuel  usage. 

—  More  Capable  Warfighting  Through  Reduced  Fuel  Burden,  2001^“* 

Due  to  its  unique  mission  the  KC-135  is  a  perfect  example  for  how  improving  its  fuel 
efficiency  can  have  tremendously  amplified  benefits.  As  previously  stated,  mobility  aircraft 
consume  the  largest  share  of  mobihty  fuel  within  the  DoD  and  the  largest  share  of  jet  fuel  within 
the  Air  Force.  When  comparing  aircraft  without  winglets,  the  KC-135  fleet  is  the  largest 
consumer  of  fuel  within  the  Air  Force’s  mobility  fleet,  using  more  fuel  than  the  KC-10  and  C- 
130  fleets  combined  (see  Figure  5).  Additionally,  the  Office  of  the  Under  Secretary  of  Defense 
for  Acquisition,  Technology  and  Logistics  released  a  report,  More  Capable  War-fighting 
Through  Reduced  Fuel  Burden,  in  2001  which  discovered  the  DoD  priced  fuel  based  on 
wholesale  refinery  prices  and  did  not  include  the  delivery  cost.  Therefore,  the  DoD’s  accounting 
process  is  flawed  and  does  not  reflect  the  true  cost  of  fuel.  For  example,  in  FY  2001,  the 
Defense  Energy  Supply  Center’s  fuel  mix  price  (average  price  of  fuels  sold)  was  $1,337  per 


Figure  5:  FY05  Fuel  Usage  by  U.S.  Air  Force  Aircraft  (Fleet)^^ 
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gallon,  but  the  costs  associated  with  delivering  fuel  via  air  refuehng  with  a  KC-135  brought  that 
same  cost  to  $17.50  per  gallon.^^  Match  $17.50  a  gallon  with  aircraft  capable  of  burning  1,500 
to  2,200  gallons  an  hour;  and  it  is  easy  to  see  how  small  improvements  in  the  KC-135’s  fuel 
efficiency  can  have  further  reaching  second  and  third  level  effects  on  fuel  budgets. 

History  shows  the  government  understood  the  far  reaching  benefits  of  improving  the  KC- 
135’s  aerodynamic  efficiency  thirty-five  years  ago.  With  the  advent  of  the  1973  fuel  crisis,  the 
fuel  efficiency  of  transport-type  aircraft  became  paramount  to  the  federal  government.  In  order 
to  improve  the  fuel  efficiency  of  such  aircraft,  the  government  became  particularly  interested  in 
Dr.  Whitcomb’s  development  of  wingtip  mounted  winglets  which  reduced  the  drag  of  the  wing 
hfting  system.  After  witnessing  his  theories  in  motion  with  McDonnell  Douglas’s  wind  tunnel 
testing  of  a  DC-10  with  winglets  showing  a  5  percent  drag  reduction  and  Boeing’s  engineering 
study  of  a  747  with  winglets  predicting  a  4  percent  drag  reduction,  the  government  targeted  its 
two  largest  fuel  consumers,  the  KC-135  and  C-141  aircraft.  The  government  initiated  a 
number  of  studies  over  the  following  years  to  determine  the  suitability  of  adding  winglets  to  both 
aircraft. 

The  Air  Force,  in  a  joint  project  with  NASA,  furthered  Dr.  Whitcomb’s  research  in  the 
design  and  fabrication  of  winglets  for  the  KC-135  aircraft,  examining  the  feasibility  of  winglets 
on  KC-135  aircraft  and  the  effect  of  winglets  on  vehicle  aerodynamic  characteristics.  In 
February  1976,  the  Air  Force  published  Design  and  Analysis  of  Winglets  for  Military  Aircraft. 
With  the  document  providing  analytical  data  estimating  winglets  would  significantly  decrease 
drag  and  improve  range,  the  government  concluded  installing  wmglets  on  the  KC-135  was  worth 
further  investigation.  NASA  and  the  Langley  Research  Center  then  proceeded  to  test  the 
computer  models  with  extensive  wind  tunnel  tests.  Throughout  1976,  NASA  and  Langley  tested 
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a  semi-span  KC-135  model  with  winglets  in  an  eight-foot  transonic  tunnel  which  resulted  in 
indications  of  an  8  percent  total  drag  reduction  at  cruise  flight  conditions.  The  successful  tests, 
subsequently,  led  to  testing  a  full  span  KC-135  model  with  winglets  in  the  transonic  tunnel, 
indicating  drag  reductions  of  6  percent  at  cruise.  With  anal3hical  studies  confirming  wind  tunnel 
tests,  researchers  concluded  drag  decreases  of  6  to  8  percent. 

By  1977,  the  price  of  oil  had  become  almost  unbearable  and  conditions  in  the  Middle 
East  did  not  appear  to  be  improving.  Additionally,  NASA  released  Theoretical  Parametric 
Study  of  the  Relative  Advantages  of  Winglets  and  Wing-tip  Extensions  in  September  of  1977 
which  made  two  definitive  statements.  First,  after  reviewing  a  wide  range  of  wings,  NASA 
concluded  winglets  had  a  greater  gain  in  induced  efficiency  than  wing  tip  extensions.  Second, 
the  document  stated,  “[recent  experiments]  demonstrate  that  winglets  could  significantly 
improve  the  efficiency  of  transport  aircraft,”  specifically  highlighting  transport-type  aircraft  over 
other  types  due  to  their  specific  wing  designs.^®  With  successful  analytical  and  wind-tunnel 
testing,  increasing  oil  prices,  and  research  highlighting  transport-type  aircraft,  the  Air  Force 
contracted  Boeing  to  conduct  a  feasibihty  study  and  an  advanced  development  program  to  build 
and  flight  test  a  set  of  winglets  on  a  KC-135.  Boeing  determined  no  basic  aerodynamic, 
structural,  or  dynamic  problems  existed  with  KC-135  winglets.  The  investigation  also  concluded 
the  reduction  in  drag  translated  to  a  fuel  savings  of  44  million  gallons  per  year  for  the  KC-135 
fleet,  correlating  to  a  cost  savings  of  $17.5  million  a  year  (1977  dollars).  Additionally,  Boeing 
calculated  a  fleet- wide  retrofit  cost  of  about  $42.5  milhon,  placing  the  government’s  break  even 
point  at  less  than  three  years.'^® 
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By  the  end  of  1977,  Boeing  had  the  contract  to  design,  fabricate,  and  ground  test  a  set  of 
winglets,  and  modify  the  outer  wing  panels  to  accept  winglets.  It  completed  design  reviews  in 
1978;  and  in  1979,  constructed  and  began  flight  testing  of  the  first  winglet.'^^  Flight  tests  proved 
the  addition  of  winglets  improved  aircraft 
efficiencies,  reducing  total  aircraft  drag  for 
all  Mach  speeds  and  lift  coefficients  tested.'*^^ 

The  most  significant  results  came  in  the 
cruise  performance  tests,  revealing 
improvements  in  fuel  mileage  associated 
with  the  installation  of  winglets  on  the  KC- 
135/^  Although  the  flight  tests  measured 
fuel  mileage  improvements  between  3.1 
percent  and  5.5  percent,  corrections  to  the 
flight  measured  data  for  surface  pressure  differences  between  wind  tunnel  and  flight  tests 
resulted  in  fuel  mileage  improvements  between  4.4  percent  and  7.2  percent."^^  Considering  all 
the  data  and  optimum  cruise  conditions,  researchers  concluded  the  data  showed  a  KC-135 
winglet  retrofit  program  would  provide  a  6  percent  performance  improvement."^® 

By  1981,  the  Air  Force  and  NASA  completed  all  research  on  the  KC-135  winglet 
program;  and  held  a  review  of  the  results  at  the  Dryden  FHght  Research  Center  on  16  September 
1981,  publishing  their  conclusions  on  the  positive  impact  of  KC-135  winglets  in  KC-135  Winglet 
Program  Review.^'’  Unfortunately  for  the  DoD,  the  Air  Force  and  NASA  concluded  their 
research  as  fuel  prices  began  to  plunge,  burying  the  research  and  its  perceived  relevance  (see  , 
Figure  1).  Fortunately  for  the  Air  Force,  as  fuel  prices  have  recently  escalated  again. 


Figure  6:  Boeing’s  KC-135  Aircraft  Winglet 
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Source:  NASA’s  KC-135  Winglet  Program  Review 
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organizations  are  digging  up  this  previous  winglet  technology  research;  and  touting  the  benefits 
and  possibilities  of  winglets.  For  example,  the  Air  Force  Studies  Board  (AFSB)  published 

Assessment  of  Wingtip  Modifications  to  Increase  the  Fuel  Efficiency  of  Air  Force  Aircraft  in 

\ 

2007,  recommending,  “The  committee’s  analysis  for  a  broad  range  of  fuel  prices  and  with  the 
data  available  to  it  on  potential  improvements  in  block  fuel  savings,  modification  cost  estimates, 
operational  parameters  for  the  aircraft,  and  so  forth  indicates  that  wingtip  modifications  offer 
significant  potential  for  improved  fuel  economy  in  certain  Air  Force  aircraft,  particularly  the  KC- 
135R/T  and  the  KC-10.”^® 

The  AFSB  also  performed  a  preliminary  net  present  value  analysis  on  the  costs 
associated  with  modifying  the  KC-135  verses  the  expected  fuel  savings.  The  AFSB  presented  a 
best  and  worst  case  scenario."^^  In  the  best  case  scenario,  the  AFSB  concluded  the  Air  Force 
would  be  able  to  modify  all  417  KC-135  aircraft  and  the  net  savings  would  become  positive  9 
years  after  starting  the  modification  program.  When  including  expected  airframe  retirements  and 
replacements,  the  Air  Force  would  save  approximately  $400  million  (2007  dollars).  In  the  worst 
case  scenario,  the  AFSB  concluded  the  Air  Force  would  only  be  able  to  modify  217  of  the  417 
aircraft  due  to  aircraft  being  retired  from  the  inventory  prior  to  reaching  the  end  of  the  payback 
period.  Regardless,  the  net  savings  would  become  positive  after  24  years  and  would  reach  $36 
million  (2007  dollars).  Therefore,  the  AFSB  saw  wingtip  modification  as  a  win-win  situation. 

With  the  clairvoyance  of  twenty-twenty  hindsight,  the  AFSB’s  data  has  proven  overly 
optimistic  when  concerning  fuel  prices.  For  example,  the  AFSB  calculated  its  figures  based  on 
current  fuel  prices  during  2007  ($2.50  per  gallon).  A  similar  calculation  today  would  require 
using  a  fuel  cost  of  approximately  $3.75  a  gallon.  Although  the  AFSB’s  calculations  were 
optimistic  and  the  Department  of  Energy’s  Annual  Energy  Outlook  2007  predicted  fuel  price 
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decreases,  the  AFSB  did  address  the  possibihty  of  rising  fuel  prices,  providing  charts  for  $5.00, 
$10.00,  and  $20.00  a  gallon  and  explaining  how  doubling  fuel  prices  would  cut  the  break  even 
point  in  half.^°  This  additional  data  has  become  a  necessary  evil  with  fuel  prices’  chmbing 
approxima:tely  50  percent  over  the  past  year.  When  using  $3.75  a  gallon  and  interpolating  the 
AFSB’s  charts,  the  results  paint  an  even  rosier  picture  for  wingtip  modification.  The  new  results 
present  a  worst  case  scenario  with  an  18  year  break  even  point  and  a  net  savings  of  between  $150 
and  $200  milhon — a  tremendous  improvement  over  24  years  and  $36  million  (see  Figure  7), 
More  incredibly,  the  new  results  also  present  a  best  case  scenario  with  a  7  year  break  even  point 


and  a  significant  increase  in  net  savings  exceeding  well  over  a  half  a  bilhon  dollars. 


In  using  the  KC-135  as  a  case  study,  it  is  easy  to  see  the  complexities  associated  with 
adding  winglets  to  the  existing  airframe;  but  it  is  also  impossible  to  deny  the  potential  savings. 
Since  NASA  and  the  Air  Force  proved  winglets  decrease  drag  with  the  KC-135,  it  is  no  longer  a 
question  of  whether  the  technology  will  save  money;  it  has  become  a  question  of  if  the  KC-135’s 
Hfe  cycle  has  enough  time  remaining  to  break  even  on  the  investment.  Unfortunately,  every  year 


debating  the  issue  decreases  the  chances  for  a  positive  net  value  prior  to  airframe  retirement. 
Additionally,  time  appears  to  increase  the  relative  costs  of  modification,  increasing  the  break 
even  point  from  three  years  in  1977  to  approximately  9  years  in  2007.  Just  imagine  the  bilhons 
of  dollars  which  could  have  been  saved  had  the  Air  Force  begun  modifying  KC-135’s  in  1981. 


-22- 


Conclusion  and  Recommendations 

Although  the  case  study  focused  on  the  benefits  of  adding  winglets  to  the  KC-135, 
winglets’  ability  to  decrease  fuel  consumption  is  not  limited  to  the  KC-135.  In  addition  to  the 
studies  on  the  KC-135,  McDonnell-Douglas  did  parallel  studies  during  the  1970’s  and  1980’s  on 
the  DC- 10  (the  civilian  equivalent  to  the  military’s  KC-10).  In  their  research,  McDonnell- 
Douglas  discovered  similar  benefits  to  retrofitting  the  DC- 10,  finding  winglets  provided 
approximately  3  percent  fuel  savings.^^  Building  on  the  foundation  acquired  in  its  DC- 10  studies 
and  grasping  the  benefits  of  winglets,  McDonnell-Douglas  included  the  winglet  concept  in  its 
design  for  the  MD-11,  the  DC-lO’s  successor.^^  Additionally,  almost  all  of  the  aforementioned 
government  reports  which  cite  the  advantages  of  adding  winglets  to  the  KC-135  also  underscore 
the  benefits  of  adding  winglets  to  the  KC-10.  Although  no  official  tests  have  been  done  with  the 
C-5  and  there  is  no  civihan  equivalent  to  the  C-5,  seeing  how  winglets  have  provided  advantages 
to  other  jumbo  aircraft  such  as  the  Boeing  747  leads  researchers  to  believe  the  same  is  possible 
for  the  C-5.  Therefore,  the  potential  exists  for  gaining  benefits  from  retrofitting  all  three  aircraft 
platforms  throughout  the  Air  Force’s  mobihty  fleet. 

Two  primary  issues  stand  in  the  way  of  retrofitting  the  mobility  fleet  with  winglets, 
future  oil  prices  and  funding.  Since  the  Department  of  Energy’s  Energy  Outlook  2008  predicts 
decreases  in  oil  prices  (as  did  the  2006  and  2007  Energy  Outlooks),  most  key  decision  makers 
will  follow  the  path  of  those  in  the  early  1980’s,  relying  on  a  strategy  of  hope.^'^  While  most 
waste  time  hoping  to  decrease  operating  costs  via  decreases  in  fuel  prices  instead  of  investing  in 
improving  aerodynamic  fuel  efficiencies,  history  will  continue  to  demonstrate  how  delaying 
winglet  retrofits  is  a  costly  strategy — ^imagine  the  billions  of  dollars  and  gallons  wasted  over  the 
past  twenty-five  years.  Eventually,  and  possibly  within  the  near  future,  too  much  time  will  have 
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expired;  and  the  aircrafts’  life  cycles  will  not  have  enough  time  remaining  to  make  retrofitting 
winglets  financially  beneficial.  Therefore,  it  is  paramount  the  government  waits  no  longer.  The 
U.S.  government  needs  to  learn  hope  is  not  a  strategy,  arid  needs  to  make  winglets  an  acquisition 
priority. 

Funding  is  a  more  serious  roadblock.  No  one  knows  the  exact  price  for  modifying 
aircraft  with  winglets.  Using  comparable  modifications  to  similar  aircraft,  researchers  estimate 
the  KC-135’s  modification  price  to  range  from  $750,000  to  $1,000,000  per  aircraft  and  the  KC- 
lO’s  modification  price  to  stand  at  $1,500,000  per  aircraft — ^unfortunately,  with  the  C-5’s 
situation  being  so  unique,  there  is  no  standing  estimate  for  its  modification.^^  Therefore,  the 
initial  investment  for  modifications  could  have  a  sticker  shock  exceeding  a  billion  dollars.  The 
sticker  shock  alone  will  sadly  keep  most  key  decision  makers  from  being  able  to  support  funding 
the  project,  regardless  of  its  proven  benefits.  Therefore,  key  decision  makers  need  to  look 
beyond  the  upfront  costs;  and  understand  funding  winglets  as  an  investment  and  not  as  a  cost. 
Only  with  this  shift  in  mindset  will  government  begin  to  learn  you  have  to  spend  money  to  save 


money. 
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Attachment  A:  U.S.  Government,  DoD,  and  U.S.  Air  Force  Fuel  Utilization^^ 
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Attachment  B:  DoD  Energy  Consumption  (FY05  Compared  to  FY06)®^ 
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Attachment  D:  DoD  Mobility  Use  (FY03  -  FY05)^^ 


Broken  Down  by  Source  Broken  Down  by  Service 


Jet  Fuel 
75% 

Source:  Defense  Energy  Support  Center  Fact  Book.  2005  Source;  LMI  Government  Consulting 


NOTE;  Mobility  energy  consists  almost  entirely  of  petroleum-based  products,  accounting  for  94  percent  of  DoD’ s  petroleum 
consumption. 


Year 

NOTE:  The  280  percent  cost  increase  since  2004  has  correlated  to  over  $4  billion  in  additional  cost  for  USAF  annual  fuel 
expenses. 


Source:  JASON  Report  -  Reducing  DoD  Fossil  Fuel  Dependence  (JSR  06-135) 
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